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PRINTED CIRCUIT BOARD SUBSTRATE AND METHOD FOR 
CONSTRUCTING SAME 

BACKGROUND 

[0001] In recent years, the computer industry has strived 

to introduce printed circuit board (PCB) substrates having 
low attenuation at high frequencies, for example at 
frequencies greater than 1 GHz. Relatedly, the industry has 
further endeavored to lower attenuation in PCB substrates 
that may employ odd mode propagation via differentially 
coupled traces. These attenuation loses are associated with 
the loss tangent of the PCB substrate composite material, 
wherein the complex dielectric constant, s r , of the composite 
material varies by frequency and may be expressed by the 
following equation : 

£ r = £' r - j£" r , wherein 

£' r is the relative permittivity of the composite 
material which varies as a function of frequency; 
and 

£" r is the loss factor of the composite material 
which varies as a function of frequency. 
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Loss tangent, tan 5, may be defined by the following equation 
in terms of the relative permittivity, £' r , and the loss 
factor, £" r : 

tan 5 = £" r /s' r 

[0002] Existing PCB substrates include signal traces 
disposed in a composite dielectric material, such as a Fire 
Retardant (FR) -4 material, which is an inexpensive composite 
material formed by glass strands embedded in an epoxy resin. 
During the curing of the dielectric material, the resin 
component and the glass component cure at different rates, 
thereby creating a phase separation defined by a glass phase 
that is superposed over a resin phase. Generally, the resin 
phase has a higher loss tangent than the glass phase and in 
particular instances the resin phase may have a loss tangent 
as high as 0.4. Hence, the high loss resin settling between 
the signal traces can cause a significant amount of 
differential mode signal attenuation. Presently, the 
differential mode attenuation in PCB substrates is lowered 
by constructing the entire PCB substrate from materials 
having low loss tangents. Low loss tangent materials, 
however, add significant material costs to PCB substrate 
construction . 

SUMMARY 

[0003] A printed circuit board (PCB) substrate and method 
for construction of the same are disclosed. In one 
embodiment, a first dielectric material is associated with 
a first current return layer and a second dielectric material 
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is associated with a second current return layer. A signal 
path layer is interposed between the first dielectric 
material and the second dielectric material. An adhesive 
layer is interposed between the first dielectric material and 
the second dielectric material such that the adhesive layer 
is substantially coplanar relative to the signal path layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1A depicts a cross-sectional view of one 

embodiment of a printed circuit board (PCB) substrate having 
a pair of signal traces electrically coupled in a 
differential mode ; 

[0005] FIG. IB depicts a cross-sectional view of another 

PCB substrate similar to that of FIG. 1 wherein the pair of 
signal traces are shown to be electrically coupled in a 
common mode; 

[0006] FIG. 2A depicts a cross-sectional view of an 

embodiment of a PCB substrate having a pair of signal traces 
disposed in a stack-up arrangement and electrically coupled 
in a differential mode; 

[0007] FIG. 2B depicts a cross-sectional view of another 

PCB substrate similar to that of FIG. 2A wherein the pair of 
signal traces are shown to be electrically coupled in a 
common mode; 

[0008] FIG. 3 depicts a flow chart of one embodiment of 

a method for constructing a PCB substrate; and 
[0009] FIG. 4 depicts a flow chart of a further embodiment 

of a method for constructing a PCB substrate. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

[0010] In the drawings, like or similar elements are 

designated with identical reference numerals throughout the 
several views thereof, and the various elements depicted are 
not necessarily drawn to scale. Referring now to FIG. 1, one 
embodiment of a printed circuit board (PCB) substrate 100 is 
illustrated. A dielectric material layer 102 designated as 
a first dielectric material is associated with a current 
return path layer 104 that is designated as a first current 
return layer. The dielectric material layer 102 may include 
the aforementioned FR-4 material, core material, or pre-preg 
material, which is a semi -cured epoxy. In another 

embodiment, the dielectric material may include any suitable 
B-stage material including, for example, resins, laminates, 
bond-plys, or polymers. The current return layer 104 
comprises a conductive medium, such as copper, that may serve 
as either a power layer or a ground layer. Further, in one 
implementation, the current return layer 104 may comprise 
etched-out copper cladding. 

[0011] Another dielectric material layer 106 designated 
as a second dielectric material is associated with a current 
return path layer 108, i.e., a second current return path 
layer. Similar to the dielectric material layer 102, the 
dielectric material layer 106 may include an FR-4 material, 
core material, pre-preg material, or B-stage material. 
Likewise, the current return layer 108 comprises a conductive 
medium that may serve as either a power layer or a ground 
layer. In one implementation, current return layer 104 and 
current return layer 108 are complementary power and ground 
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planes, e.g., if current return layer 104 is power, then 
current return layer 108 is ground. In other embodiments, 
it is possible that current return layers 104 and 108 could 
both be ground planes or power planes. 

[0012] A signal path layer 110, which includes signal 

traces 112 and 114, is interposed between the dielectric 
material 102 and the dielectric material 106. The signal 
traces 112 and 114 may comprise any conductive material, such 
as copper. In one embodiment, plated- through vias may be 
provided between the signal traces 112 and 114 and the 
dielectric materials 102 and 106 in order to connect the 
signal path layer 110 to various other layers. The vias may 
be filled with a conductive paste or other conductive 
material. As those skilled in the art will appreciate, flux 
as represented by flux lines 116 and 118 exists between 
current return layer 104 and signal trace 112 and current 
return layer 108 and signal trace 112. Similarly, flux lines 
120 and 122 represent flux between signal trace 114 and 
current return layers 104 and 108, respectively. Further, 
as illustrated by lines of flux 124, signal trace 112 and 
signal trace 114 are in a differential mode wherein signal 
trace 112 is positive, i.e., +V e , and signal trace 114 is 
negative, i.e., -V e , with respect to each other. 

[0013] An adhesive layer 126 is interposed between the 

dielectric material 102 and the dielectric material 106. 
Additionally, as illustrated, the adhesive layer 126 is 
disposed substantially coplanar relative to the signal path 
layer 110. The adhesive layer 126 is comprised of a material 
operable to substantially reduce the attenuation due to 
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electrical coupling as represented by lines of flux 124 
between signal traces 112 and 114. The adhesive layer 126 
comprises a low loss material relative to the dielectric 
materials 102 and 106. In particular, the adhesive layer 126 
comprises a material having a lower loss tangent than the 
dielectric materials 102 and 106. For example, in one 
embodiment, the loss tangent of the adhesive layer may be 
0.001. By placing the adhesive layer 126 having a low loss 
tangent between the signal traces 112 and 114, i.e., 
proximate to the region of greatest attenuation, any 
differential mode attenuation that may exist between the 
signal traces 112 and 114 can be substantially lowered. 
Accordingly, the provisioning of adhesive layer 126 in the 
PCB substrate 100 supports longer distance and higher 
frequency signal transmission without the need to resort to 
assembling entire PCB substrates of expensive low loss 
materials. Whereas the propagation delay of the adhesive 
layer 126 may sometimes be similar to the propagation delay 
of the dielectric materials 102 and 106, the material of the 
adhesive layer 12 6 is usually provided with a higher glass 
transition temperature (T g ) than that of the dielectric 
materials 102 and 106. In instances where the adhesive layer 
126 is a composite material, the adhesive layer 12 6 with the 
higher glass transition temperature is able to resist 
separating into multiple phases, which is a problem in 
existing PCB substrates where the instant adhesive layer is 
not employed. 

[0014] In one embodiment, the adhesive layer 12 6 may 

comprise a two-sided tape or an adhesive film having a copper 
foil. In addition to possessing low loss properties, 
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adhesive film having a copper foil provides excellent 
reliability, adhesion and heat resistance properties that 
translate into a high T g . Adhesive film also has a 
processability similar to that of FR-4 and may be easily 
laser etched to form interstitial via holes (IVHs) . Hitachi 
Chemical Co. America, Ltd. of Cupertino, California, provides 
suitable adhesive films having a copper foil under the 
designations Type No. MCF-6000E, Type No. MCF-1000E, Type No. 
MCF-4000G, and Type No. MCF-7000LX. 

[0015] Alternatively, the adhesive layer 126 may be an 
epoxy adhesive sheet comprising a glass-based adhesive that 
provides a low loss tangent, thin form factor, flat surface, 
and high T g . By way of example, aforementioned Hitachi 
Chemical Co. manufactures and distributes an epoxy adhesive 
sheet under the designation Type No. GEA-67 9P. In a further 
implementation, the adhesive layer 12 6 may comprise an 
expanded polytetraf luoroethylene (ePTFE) that has been 
impregnated with a resin by replacing the air space inside 
the ePTFE with the resin such that the ePTFE membrane becomes 
the carrier or delivery system for the resin. Several 
distinct performance benefits are derived from the use of 
impregnated ePTFE . In particular, the impregnated ePTFE 
provides a low dielectric constant that reduces signal delay 
and offers designers increased electrical line lengths for 
PCB substrate design. The material's low loss tangent, which 
may be 0.0036 over a range of 1 MHz to 10 GHz, provides 
significant reductions in signal attenuation and the lower 
dielectric constant permits wider line widths for a given 
transmission impedance, thus maximizing trace cross -sectional 
area and reducing skin effect. W.L. Gore & Associates Inc. 
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of Elkton, Maryland, manufactures and distributes an 
impregnated ePTFE under the brand name Speedboard C™. 
[0016] In recent years, the computer industry has strived 

to introduce system links that operate in the gigahertz 
regime. Due to the increase in data bandwidth and decrease 
in voltage margin, the attenuation and distortion caused by 
the channel is of much more concern today than in past system 
generations. Accordingly, the PCB substrate scheme described 
herein advantageously complements the current data bandwidth 
and voltage margin requirements by minimizing the attenuation 
and distortion present in differential mode coupling. In 
particular, by employing the adhesive layer embodiments 
described herein, high-speed system links can be supported 
in PCB substrates with minimal impact on their 
manuf acturability or cost structure. 

[0017] FIG. IB depicts a PCB substrate 150 wherein, 

similar to PCB substrate 100 of FIG. 1A, dielectric material 
102 is associated with current return layer 104 and 
dielectric material 106 is associated with current return 
layer 108. Adhesive layer 126 is interposed between the 
dielectric materials 102 and 106. A signal path layer 152, 
which includes signal trace 154 and signal trace 156, is 
coplanar with the adhesive layer 126. The signal traces 154 
and 156 are operable in a common mode, which may be referred 
to as "even" mode coupling, as represented by the +V e indicia 
associated with the signal traces 154 and 156. It should be 
appreciated, however, that common mode coupling may also 
arise when the signal traces 154 and 156 are negative, i.e., 
-V e . It should further be appreciated that a particular PCB 
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substrate of the design described herein is compatible with 
both differential mode signaling and common mode signaling 
that may be utilized in the electric component in which the 
instant PCB substrate is integrated. 

[0018] With respect to signal trace 154, lines of flux 158 

and 160 are present between current return layer 104 and 
current return layer 106, respectively. Similarly, with 
respect to signal trace 156, lines of flux 162 and 164 are 
present between current return layer 104 and current return 
layer 106, respectively. As opposed to signal traces 112 and 
114 of FIG. 1A, since the signal traces 154 and 156 are 
coupled in a common mode, no lines of flux exist 
therebetween. Hence, the adhesive layer 12 6 minimally 
impacts propagation in the common mode. In other words, the 
adhesive layer 126 positively impacts signal attenuation 

(i.e., by lowering signal loss) in signaling paths where 
differential mode coupling is effectuated while not 
negatively impacting signal propagation in common mode 
signaling paths. 

[0019] FIG. 2A depicts an embodiment of a PCB substrate 

200 where signal traces are disposed in a stack-up 
arrangement. Similar to the PCB embodiments discussed above, 
a dielectric material layer 202, i.e., a first dielectric 
material, is associated with a current return path layer 204, 
i.e., a first current return layer. A signal path layer 206, 
i.e., a first signal path layer, is embedded in the 
dielectric material 202 and, as illustrated, includes a 
positive signal trace 208, which is marked +V e . Another 
dielectric material layer 210, i.e., a second dielectric 
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material, is associated with a current return path layer 212, 
i.e., a second current return layer. A signal path layer 
214, i.e., a second signal path layer, is embedded in the 
dielectric material 210 such that the signal path layer 214 
is substantially parallel to the signal path layer 206 in a 
stack-up arrangement, which may be referred to as a broad- 
side coupling arrangement. As illustrated, signal path layer 
214 includes a negative signal trace 216, which is marked 
negative (-V e ) . Hence, the signal traces 208 and 216 are 
coupled together in a differential mode. An adhesive layer 
218 is interposed between the dielectric material 202 and the 
dielectric material 210. Due to the electrical fields 
generated, lines of flux 220, 222, and 224 are disposed 
between the various pairs of conductive elements, i.e., 
between current return layer 204 and signal trace 208, 
between current return layer 212 and signal trace 216, and 
between the two signal traces 208 and 216, of the PCB 
substrate 200. It will be recognized that the dielectric 
materials 202 and 210, the current return layers 204 and 212, 
the adhesive layer 218, and the signal path layers 206 and 
214 have a similar construction to their respective 
counterparts in FIG. 1A and FIG. IB. 

[0020] In particular, similar to the adhesive layer 126 

discussed above the adhesive layer 218 is constructed of a 
material having a low loss tangent in order to provide 
significant reduction in differential mode signal attenuation 
and permit wider line widths for a given transmission 
impedance. In one implementation, the loss tangent of the 
adhesive layer 218 is lower than the loss tangent of the 
dielectric materials 202 and 210. By utilizing an adhesive 
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layer 218 having a low loss tangent in the region of greatest 
attenuation, i.e., between the signal traces 208 and 216, the 
attenuation in the PCB substrate 2 00 is advantageously 
reduced. 

[0021] FIG. 2B depicts a PCB substrate 250 that is similar 

to the PCB substrate 200 of FIG. 2A. Specifically, in the 
illustrated embodiment, dielectric material 202 is associated 
with current return layer 2 04 and dielectric material 210 is 
associated with current return layer 212. As before, 
adhesive layer 218 is interposed between the dielectric 
material 202 and the dielectric material 210. On the other 
hand, signal path layers 252 and 256 disposed in a stack-up 
arrangement are electrically coupled in a common mode as 
represented by the -V e indications on the respective signal 
traces 254 and 258. Because of the common mode coupling 
between signal traces 254 and 258, no flux lines are shown 
therebetween. Rather, lines of flux 260 and 262 are 
respectively present between current return layer 2 04 and 
signal trace 2 54 and between current return layer 212 and 
signal trace 256. As previously discussed, the instant PCB 
substrate scheme does not negatively affect common mode 
signal propagation and the same property is maintained even 
in stack-up trace arrangements such as the PCB substrate 250 
shown in FIG. 2B. 

[0022] FIG. 3 depicts one embodiment of a method for 

constructing a PCB substrate. At block 3 00, a first 
dielectric material is provided that is associated with a 
first current return layer. At block 302, a second 
dielectric material is provided that is associated with a 



-ii- 



PATENT APPLICATION 
DOCKET NO. : 200315309-1 



second current return layer. At block 3 04, a signal path 
layer is provided that is interposed between the first 
dielectric material and the second dielectric material . At 
block 306, an adhesive layer is provided interposed between 
the first dielectric material and the second dielectric 
material. In particular, the adhesive layer is substantially 
coplanar relative to the signal path layer and comprises a 
material operable to substantially reduce the attenuation due 
to an electrical coupling effect between the first signal 
trace disposed in the first signal path layer and the second 
signal trace disposed in the second signal path layer. 
Further, it should be appreciated that the PCB substrate 
layers described herein are contemplated to be amenable to 
various manufacturing processes associated with PCBs . As 
previously alluded, the dielectric materials and adhesive 
layer may be cured. Moreover, the PCB substrate described 
herein may be further processed, by pressure and heat under 
a vacuum, for example, in the construction of a multilayer 
PCB panel wherein the PCB substrate described herein forms 
one or more of the laminated layers . 

[0023] FIG. 4 depicts a flow chart of a further embodiment 

of a method for constructing a PCB substrate. At block 400, 
a first dielectric material is provided that is associated 
with a first current return layer. At block 402, a first 
signal path layer is provided that is embedded in the first 
dielectric material. At block 404, a second dielectric 
material is provided that is associated with a second current 
return layer. At block 406, a second signal path layer is 
provided that is embedded in the second dielectric material. 
The second signal path layer is substantially parallel to the 
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first signal layer in a stack-up arrangement. At block 408, 
an adhesive layer is interposed between the first dielectric 
material and the second dielectric material. The adhesive 
layer includes a material operable to substantially reduce 
attenuation due to an electrical coupling effect between a 
first signal trace disposed in the first signal path layer 
and a second signal trace disposed in the second signal path 
layer. 

[0024] Although the invention has been particularly 
described with reference to certain illustrations, it is to 
be understood that the forms of the invention shown and 
described are to be treated as exemplary embodiments only. 
Various changes, substitutions and modifications can be 
realized without departing from the spirit and scope of the 
invention as defined by the appended claims. 
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